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(54) UQUID METAL VAPORIZATION UNIT FOR CVD SYSTEM, AND VAPORIZATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vaporization unit for 
CVD system by which liquid metal of minute flow rate can be 
accurately controlled and supplied and a waste of expensive 
liquid-metal sources can be avoided and which can easily cope 
with the various liquid-metal sources having different 
characteristics and also to provide a vaporization method. 
SOLUTION: The liquid metal vaporization unit for CVD system 
has a liquid- metal flow-rate controller 40 and a vaporizer 50. In 
the flow-rate controller, a valve for opening and closing its flow 
passage can be controlled by both pulse width 40A and 
frequency 40B, and the liquid metal controlled by the flow-rate 
controller is introduced in the form of fine particles into the 
vaporizer. 
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JPO and NCIPZ are not responsible £or any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It is the liquid metal evaporation unit which is a Uquid metal evaporation unit for a CVD system, 
has a metal liquid flow controller and a carburetor, and is characterized by feeding intermittently into a 
carburetor the metal liquid which is [ bulb / by which this flow controller opens and closes the passage ] 
controllable in both pulse width and a frequency, and was controlled by this flow controller as a minute 
grain. 

[Claim 2] The above-mentioned carburetor is a liquid metal evaporation unit according to claim 1 
characterized by having a heater block inside and constituting the indoor pressure with the evaporation room 
container of a controllable capacity. 

[Claim 3] The above-mentioned evaporation room container is a liquid metal evaporation unit according to 
claim 2 characterized by being cylindrical and equipping the lid core with the metal gas delivery tube. 
[Claim 4] The liquid metal evaporation unit according to claim 2 or 3 characterized by preparing the gage 
for pressxire monitors, and the pressure control valve in the above-mentioned evaporation room container. 
[Claim 5] The liquid metal evaporation unit according to claim 1 to 4 characterized by having a heater block 
in the above-mentioned carburetor, and having a hollow throwing a metal liquid into the top face of this 
block. 

[Claim 6] It is the liquid metal evaporation unit according to claim 1 to 4 which has a heater block in the 
above-mentioned carburetor, and is characterized by the top face of this block being a dome-like. 
[Claim 7] The liquid source which is the evaporation approach of the metal liquid for a CVD system, and is 
fed into a carburetor is the evaporation approach in which minute granulation is carried out by the flow 
controller and which is characterized by carrying out sequential evaporation by throwing in this minute 
grain on a heater block. 

[Claim 8] The minute granulation by the above-mentioned flow controller is the evaporation approach 
according to claim 7 characterized by being controllable on both the pulse width and a frequency in the 
drive current for a flow controller. 

[Claim 9] The inside of the evaporation room container for the carburetor with which the above-mentioned 
liquid source is thrown in is the evaporation approach according to claim 7 or 8 characterized by always 
being controlled by the pressure monitor gage and the control valve by the optimal **. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the evaporation unit of a CVD system which has the bulb 
which carries out minute amount adequate supply of the metal liquid source at an evaporation vmit, the pipe 
line, and a controlling mechanism for it, and has the still more nearly optimal jet nozzle for the evaporation 
unit in the CVD system which forms membranes by making the metal liquid source evaporate and 
introducing into a plasma chamber. 
[0002] 

[Description of the Prior Art] In order to secure the engine performance at the time of detailed-izing, 
installation of an exotic material is needed for a capacitor, wiring, etc., as the densification of DRAM 
progresses. In such a device, development of high dielectric film ingredients, such as 20Ta5 film with a big 
dielectric constant-ed (epsilon) as an ingredient of the capacitor film, Ba and Sr, Ti03 film (it is hereafter 
described as the BST film), and 20aluminum3 film, and application are activating. In that case, by 20Ta5 
film, it is the metal liquid source, and what is mainly used as membranous material makes three sorts of 
metal liquid sources, barium, strontium, and titanium, evaporate, it introduces the gas into a plasma 
chamber, and forms membranes with a PENTO ethoxy tantalum (Ta (OC2H5)5) and the BST film. 
20aluminum3 film also makes the metal liquid source (for example, alkylaluminum) evaporate, and 
development is progressing towards forming membranes similarly. 

[0003] Although the manufacturing installation used for such membrane formation is called a heat CVD 
system or plasma-CVD equipment, also in the membrane formation method of which type, it is very 
important for it how it is efficient and the metal liquid source is stably introduced into a processing room. If 
it depends on the class of metal liquid ingredient, there is also an ingredient with very low vapor pressure 
(rate used as the gas in the boiling point), the stable installation is very difficult, and in order to bring a 
membranous property close to a theoretical value, it is also an important element to press down the impurity 
incorporated in the film. Moreover, there is what has very big molecular weight in the metal liquid 
ingredient used for such membrane formation, and it depends on the liquid supply system and an 
evaporation method also for the pressure of the carrier gas for introducing to a processing room, and a flow 
rate greatly. And if it carries out from a viewpoint of the imptuity in the film mentioned above, it is also 
important to stop the flow rate of carrier gas as low as possible. 

[0004] On the other hand, when evaporating the metal liquid of a very small flow rate regularly, it becomes 
possible by supplying a metal liquid to the plate or block heated by the boiling point temperature stably. 
Considering metal liquid supply with a very small flow rate of 0.02 cc/m - about 0.1 cc For example, when a 
bore is the metal liquid regurgitation nozzle which is about 0.1mm, surface tension works at the nozzle tip. 
In order to fall when the gravity of the grain of a metal liquid exceeds it, and to reach the above-mentioned 
plate or a block, even if a metal liquid serves as a big grain, it takes a lot of heat temporarily in the case of 
evaporation and all metal liquids evaporate Since rapid pressure fluctuation happens, it becomes impossible 
to perform stable evaporation continuously. 

[0005] How to make the metal liquid which has oozed fi*om a nozzle tip to the approach of blowing off in 
the shape of Myst to the approach of making the plate for making it evaporating to the 1st, using the metal 
liquid itself as a small grain or a block reaching, and the 2nd, and spraying a metal liquid on a plate or a 
block as a cure for preventing such fault, and the 3rd evaporate with the heated hot carrier gas etc. is 
considered. 

[0006] However, when making it the shape of Myst and spraying a metal liquid, the gas of the early rate of 
flow is indispensable, and the flow rate of the carrier gas and control of temperature are very difficult. 
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Moreover, when making the metal liquid which has oozed from a nozzle tip evaporate with hot carrier gas, 
in order to have to make the metal liquid which needs a lot of heat of vaporization evaporate using a gas 
with small heat capacity, a lot of hot carrier gas is needed. However, when membrane formation conditions 
are considered, it is not desirable to use a lot of carrier gas from the reasons that the pressure field at the 
time of membrane formation (process window) becomes narrow, nil why control of the carrier gas 
component incorporated in the film is difficult, etc. 

[0007] It is as following when the carburetor shown below at the massflow controller shown at the 
evaporation xmit and drawin g 10 in drawing 9 that the trouble should be conventionally examined about 
such a well-known example, drawing 1 1 , and drawing 12 is examined, respectively. That is, in drawing 9 , 
main configuration means to constitute the evaporation unit 10 are a massflow controller 20 and a carburetor 
50, and by supplying feeding gas, such as gaseous helium, from tubing PI on the oil level of the raw 
material container 1 1, the metal liquid source contained by the raw material container 1 1 is sent to a 
massflow controller 20 through tubing P2, is controlled by very small constant flow here, and is fed by the 
carburetor 50 from tubing P3. On the other hand, carrier gas, such as ARUKONGASU, is sent to this 
carburetor 50 through the carrier gas installation tubing P4, and the metal gas which became a gas in the 
carburetor 50 is supplied to the plasma chamber 12 in a CVD system through the metal gas delivery tube P5 
with this carrier gas. 

[0008] drawing 10 ~ the above ~ it is an example of the massflow controller 20 used for the well-known 
evaporation unit 10, and consists of a part of the flow rate sensor 21 of a format which detects heating- value 
change of the capillary tube 21 made from stainless steel A part which passes a metal liquid by electronic 
cooling element (Peltier device) 2 IB, and a part of the control-of-flow bulb 26 driven with the output of this 
flow rate sensor. And with the comparison output of the flow rate output signal 22 of this flow rate sensor 
21, and the flow rate setting signal 23, through valve drive electronics 25, the piezo actuator 27 of the 
control-of-flow bulb 26 is driven, as a result, the variation rate of the metal diaphram 28 is carried out, and 
the flow rate of the metal liquid in the output duct section 29 is controlled to a very small setting flow rate. 
[0009] Drawing 1 1 shows an example of an evaporation unit conventionally which used the well-known 
massflow controller 20 like the above. The introductory tubing P3 of a metal liquid is connected to the 
center section of the evaporation section 30 which consists of stainless steel tube manufacturing with a bore 
of about 8mm. On the other hand, the metal gas delivery tube P5 for the metal gas and carrier gas after 
evaporation is formed in the introductory tubing P4 of the carrier gas which is inert gas like [ an edge ] Ar, 
and an another side edge, the interior — evaporation of a metal liquid — a line crack — being easy — 
appearance is filled up with the globular form with a diameter of about 0.5mm, for example, the metal ball 
made from Ti, 

[0010] The heating heater 31 for carrying out a temperature up to the optimiun temperature at the time of a 
metal liquid evaporating is wound around the periphery of the evaporation section 30. The massflow 
controller 20 for the control of flow of a metal liquid is connected to the supply pipe P3 of the metal liquid 
source. With such structure, the temperature control of each metal ball is impossible, the ununiformity of the 
temperature by evaporation near the entry of a liquid and in the other location occurs, and uniform 
evaporation is difficult. Moreover, since evaporation needs to optimize three elements of the flow rate of a 
metal liquid, the flow rate of carrier gas, and control temperature, it is a fault that the service-condition 
range is also very narrow. Furthermore, since time amoimt will be taken before the evaporated metal gas 
reaches to the plasma chamber 12 ( drawing 9 ) which is the point of use, in the equipment with which a 
high membrane formation rate like plasma-CVD equipment is demanded, there is also a fault from which it 
becomes difficult to control membraneous quality. 

[001 1] As shown in dr awin g 12 , control-of-flow bulb 26 part inside a massflow controller is taken out 
outside, and the evaporation unit which formed the metal gas delivery tube P5 for the heating heater 3 1 for 
evaporation, the carrier gas installation tubing P4 and carrier gas, and the metal gas after evaporation in the 
lower part is also devised. The flow rate of the metal liquid source is performed by the congruence 
directional control of the opening of a flow rate value and the control-of-flow bulb 26 in mass flow meter. 
However, if a control section is in the evaporation unit of such a format By the minimum called the diameter 
of 0.2mm or less, the size of the metal liquid source supply pipe P3 introduced from the control-of-flow bulb 
26 to the evaporating tray of the heating heater 31 upper part And when the outlet and the evaporation 
section of this supply pipe P3 were extremely close, tfiere was a fault that the temperature control at the time 
of evaporation was difficult for the heat of the heating heater 31 affecting control of flow etc., and it lacked 
in stability. 

[0012] Furthermore, in the evaporation tmit which has a metal liquid feeder style in the plasma CVD like 
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****, full evaporation of a metal liquid was greatly dependent on the flow rate of the gas used as a carrier, 
and temperature, and since the bore of a metal liquid charging line was small, it also had the problem of 
being easy to generate ****** of piping. Moreover, since a metal hquid dresses up in such equipment and 
fine control cannot be performed, the expensive metal liquid source is to be vainly consumed, although the 
sequence of time amount other than membrane formation of the conveyance middle class having made the 
metal liquid source of tales doses evaporating to a plasma reactor, and having discarded the metal liquid 
source made evaporating during membrane formation to a vent line was constructed and the stabiUty of a 
membrane-formation process has been measured with the above-mentioned plasma-CVD equipment. 
[0013] 

[Problem(s) to be Solved by the Invention] This invention can carry out the control supply of the metal 
liquid of a very small flow rate correctly, excludes the futility of the expensive metal liquid source, and 
offers the evaporation imit and the evaporation approach of a CVD system which can respond easily to the 
metal liquid source with which various properties differ by solving above-mentioned various troubles, it 
being cheap and offering the evaporation irnit whose adequate supply is possible, improving the existing 
hquid feeder especially and combining the carburetor suitable for this. 
[0014] 

[Means for Solving the Problem] It has a metal liquid flow controller and a carburetor, and invention 
concerning the equipment of this invention is a liquid metal evaporation unit for a CVD system, and it is 
[ this flow controller is / bulb / which opens and closes the passage / controllable in both pulse width and a 
frequency and ] a liquid metal evaporation unit characterized by feeding into a carburetor the metal liquid 
controlled by this flow controller as a minute grain. Furthermore, the carburetor had the heater block inside, 
and a controllable capacity, for example, a cylinder-like evaporation room container, constituted the indoor 
pressure, and it equips the lid section with the metal gas delivery tube. In an evaporation room container, the 
gage for pressure monitors and a pressure control valve are prepared, and it has a hollow to throw a metal 
liquid into the top face of a heater block in it, or is characterized by the top face of the block being a dome- 
like. The liquid source which is the evaporation approach of the metal liquid for a CVD system, and is fed 
into a carburetor in the approach of this invention While a flow controller controllable on both pulse width 
and a firequency carries out minute granulation of that drive current and canying out sequential evaporation 
by throwing in this minute grain on a heater block The inside of the evaporation room container for the 
carburetor with which the liquid source is thrown in is the evaporation approach characterized by always 
being controlled by the pressure monitor gage and the control valve by the optimal **. 
[0015] 

[Embodiment of the Invention] The example of plasma-CVD equipment explains the gestalt of operation 
concerning this invention by drawing 1 - drawing 8 . Drawing 1 shows the outline of the metal gas transfer 
unit to the plasma chamber 12 in plasma-CVD equipment which has an evaporation unit concerning this 
invention, and supply of the metal liquid to an evaporation unit is performed conventionally like equipment 
by [ which are shown in draw ing 9 ] supplying feeding gas from tubing PI on the metal liquid level of the 
liquid metal raw material container 11. And a metal liquid is sent to a flow controller 40 through tubing P2, 
by controlling pulse width and a frequency by the control panels 40A and 40B of this controller according to 
an individual, respectively, the controlled metal liquid source of a very small flow rate is sent to a carburetor 
50 through tubing P3, and the metal gas further evaporated with this carburetor 50 is sent to the plasma 
chamber 12 through the metal gas delivery hibe P5 and a bulb VI. 

[0016] And the vent line is prepared in the carburetor 50 and the tubing P7 for it is enabling pressure 
accommodation in this carburetor 50, and abandonment of non-used metal gas by connecting with a vacuum 
pump through a bulb V2. In addition, from the carrier gas installation tubing P4, carrier gas, such as Ar, is 
fed into a carburetor 50 conventionally like equipment. 

[0017] D rawin g 2 is the sectional view (A) and side elevation (B) of the liquid flow controller 40 shown in 
drawing J. showing the outline of the liquid constant feeding bulb 41 especially. The housing 42 which 
makes the frame of a bulb 41 is constituted considering one of these as tubed part 42 A, and the core 43 is 
held in tubed part 42 A of this housing 42 so that clearly [ this drawing (A) ]. A coil 44 is wound around the 
tubed part 42 A periphery of housing 42, it is the coil ferrules 45 and 45 about this coil 44 order, and the 
periphery is further fixed to this tubed part 42A with the sheathing sheet 46, respectively. 
[001 8] It is energizing in the valve seat 48 direction which Plunger P is contained by ** 47 prepared over 
head 42B of housing 42 as well as the point of tubed part 42 A of housing 42, and this plunger P and the 
edge of a core 43 are connected through Spring S, and is supported possible [ sliding of Plunger P ] to a core 
43, and mentions Plunger P later. 
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[0019] On the other hand to ** 47 prepared in the core of the above-mentioned housing head 42B A valve 
seat 48 is inserted in the condition of blockading the edge, and so that more clearly [ this especially valve 
seat 48 / by a diagram (B) ] Two fluid channels 49A and 49B are formed, and the fluid channel located in 
the core of one [ at least ] of these of a valve seat 48 is formed in the shape of a nozzle, and is formed as 
discharge-side path 49B which sends out a fluid to the carburetor part mentioned later. In addition, this 
discharge-side path 49B is connected with the metal liquid injection tubing P6 in a carburetor 50 so that it 
may mention later. 

[0020] Between the ** 47 side-edge section of these two fluid channels 49A and 49B, and the valve seat 48 
side-edge section of the above-mentioned plunger P, when the end face of Plunger P repeats ** side edge 
opening of both the fluid channels 49 A and 49B, contact, and alienation, it is constituted so that between 
openings which are the ** side edges of these both fluid channels may be intercepted or it can be open for 
free passage. Therefore, if Plunger P moves to the left in drawing and between openings of both the fluid 
channels 49A and 49B will be in a free passage condition, a fluid can be supplied to fluid discharge-side 
path 49B through the above-mentioned room 47 between the free passage condition from fluid supply side 
path 49 A. 

[0021] The control panels 40 A and 40B of the controller 40 in drawin g 1 are connected to the above- 
mentioned coil 44. And a core 43 is made to generate suction magnetism according to the pulse-like current 
impressed to this coil 44, the reaction force of Spring S is resisted. Plunger P is slid intermittently, and 
intermittence actuation between fluid channel 49A which is the important section of the above-mentioned 
bulb 41, and 49B is performed. 

[0022] Since the outline is known in valve controls, such as an Inkjet printer, although the control panels 
40 A and 40B of such a controller are also omitted for details, they are controllable to a 0.1msec unit from 
0.0msec to 9.9msec(s) by control panel 40A. [ of the pulse width of the current pulse impressed to the 
above-mentioned coil 44 ] Moreover, by control panel 40B, IHz also of the frequency is also minced, it 
comes out of it from IHz to 999Hz, it is supposed that it is controllable, and the very small liquid flow rate 
of arbitration can be controlled free by controlling the pulse width of a current and the both sides of a 
frequency which are impressed to these coils 44. Furthermore, the control of flow of a liquid becomes 
possible by setup of this bulb open time amount and a count, and control of the liquid from which viscosity 
differs by selection of piping bore size also becomes easy. 

[0023] Dra wing 3 and drawin g 4 show the example from which the carburetor 50 shown in above- 
mentioned drawin g 1 differs. In drawing 3 , a carburetor 50 consists of a cylindrical cup 51 which has a 
cylinder-like evaporation room, and a lid 52 which seals this, and the metal liquid injection tubing P6 is 
being fixed at least to the abbreviation core of this lid 52. Moreover, the heater block 53 for evaporating the 
metal liquid supplied directly under this injection tubing P6 from introductory tubing is arranged, and the 
heater 54 for heat-of- vaporization supply is laid under the interior of the heater block 53. 
[0024] The hollow 55 which constitutes a liquid reservoir is formed in that upper limit side, and the metal 
liquid of pole small quantity intermittently thrown in from the metal Uquid injection tubing P6 is made to 
reach the target in the heater block 53 of this format by this hollow 55. And the carrier gas installation 
tubing P4 and the metal gas delivery tube P5 are connected with the lower part part and lid 52 of a 
cylindrical cup 51, respectively like the carburetor 50 which shows the above-mentioned carburetor 50 to 
drawing 9 , and abbreviation. Moreover, in the carburetor 50 of this invention, the tubing P7 for constituting 
a vent line is connected with the upper part part of a cylindrical cup 5 1 , and it connects with the vacuum 
pump (not shown) through the bulb V2. 

[0025] Although the carburetor 50 of the format shown in draw ing 4 is the same structure as a thing and 
abbreviation shown in above-mentioned drawing 3 , it has formed the metal gas delivery tube P5 in the core 
of a lid 52 in this example. By considering as such a configuration, the metal gas generated in the cylindrical 
cup 51 in a carburetor 50 can be fed into a plasma chamber in the state of more imiform concentration to 
carrier gas. Moreover, although the metal liquid injection tubing P6 is installed in eye others by the 
periphery of the above-mentioned lid 52, since installation into the carburetor of the metal liquid source in 
this invention is made to carry out injection impact intermittently in the state of a granule so that it may 
mention later for details by the heater block 53, trouble is not caused to installation of the metal liquid 
source at all. In addition, tubing P7 and a bulb V2 constitute a vent line like the case of drawing^ . 
[0026] In the example shown in drawin g 5 and drawing 6 , the pressure in the cylindrical cup 51 in a 
carburetor 50 is controllable by opening and closing the pressure control valve V3 according to the output of 
the gage 58 for pressure monitors connected by the tubing P8 other than a configuration of being shown in 
drawing 3 R> 3 and drawing 4 to arbitration. In especially the evaporation section, this is very important, in 
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order [ in the carb\iretor produced by evaporation of the metal liquid which reached the heater block 53, the 
pressure buildup by carrier gas installation, and the pressure drawdown by connection to the plasma 
chamber 12 ] to maintain pressure-equilibrium. And in order to enable control of such a pressure, carburetor 
50 the very thing had the capacity as a pressure room, for example, needs to be used as the cylindrical cup 



[0027] In addition, although the cylindrical cup 51 explains the container for an evaporation room if it is in 
the example in above-mentioned dra wing 3 - draw ing 6 , the configuration of the container for the 
evaporation room in the evaporation unit of this invention may not be especially limited to the above- 
mentioned thing, and may be an ordinary cube type. 

[0028] Drawin g 7 and drawin g 8 show the cross section of an example which was installed in the outline 
center section of the cylindrical cup 5 1 of the above-mentioned carburetor 50 and where the heater blocks 
53 differ. In drawing 7 , the hollow 55 for [ liquid pool ] is established in the top face of the approximate 
circle pillar-shaped heater block 53, and the minimum metal liquid grain intermittently thrown in by 
dropping or flight once reaches the target in this hollow, and is evaporated. If it is in such a heater block, 
since the location of the metal liquid which should be evaporated is decided, point control of temperature is 
easy, and it is convenient when it is the metal liquid which is easy to carry out the Yoshinari 
[0029] The top face of the same cylindrical block 53 as a thing and abbreviation which shows other heater 
blocks 53 shown in drawing 8 to drawin g 7 has the dome-like side 56. Therefore, the minute metal liquid 
grain made to trickle or fly like **** reaches the surface crowning of this dome-like side 56, and while 
flowing down along this dome-like front face after that, it is evaporated. In such a heater block, in order to 
contact a heater block front face by the product with the larger metal liquid which flows down along a 
dome- like front face, transfer of heat becomes good, vapor pressure is low, namely, when it is the metal 
liquid which is hard to evaporate, it is convenient. In addition, it cannot be overemphasized that it is heated 
by the optimum temperature corresponding to the class of metal with which the heater 54 is laid under the 
interior, and any heater block 53 shown in drawing j R> 7 and drawing 8 is evaporated. 
[0030] Next, the actuation is explained about the equipment concerning the invention in this application. 
The metal liquid for the evaporation unit of this invention shown in drawin g 1 is contained by the liquid 
metal raw material container 11, and is fed [ by / which is feeding gas / supplying gaseous helium from 
tubing PI, for example ] by the carburetor 50 through the liquid flow controller 40 from tubing P2 by the 
pressure. At this time, control panels 40A and 40B are set up suitably, and the pulse width and the frequency 
of a current which are impressed to that coil 44 are set up. 

[0031] Thus, when the plimger P of the controller 40 shown in drawing 2 reciprocates intermittently 
corresponding to the minimxmi flow rate of the fluid determined by the pulse width of the force current to a 
coil 44, and the product of a frequency Between fluid channel 49A and 49B is opened and closed, and the 
metal liquid source corresponding to this open time amoimt is breathed out in a carburetor 50 according to 
this from the metal liquid injection tubing P6 which shows only microscopic small unit quantity to drawing 
3 - drawing 6 through fluid channel 49B and tubing P6, 

[0032] After the microscopic small quantity of one batch corresponding to the control pulse width of face of 
the above-mentioned controller 40 is supplied towards the heater block 53 from injection tubing P6 tip as a 
metal fluid grain and is made to reach the metal source from the above-mentioned metal liquid injection 
tubing P6 by the part corresponding to the top-face configuration of the heater block 53, it is evaporated by 
the evaporation mode according to the property of the metal liquid. 

[0033] The tubing P8 which has the pressure monitor gage 57 which detects the pressure control valve V3 
and the pressure in a cylindrical cup 51 is formed in the tubing P7 which constitutes the vent line other than 
a configuration of that each is shown in the carburetor 50 shown in drawing 5 and drawingjS at above- 
mentioned drawing 3 and drawing 4 , respectively. And the pressure in the cylindrical cup 51 of a carburetor 
50 is always made controllable the optimal by operating the pressure control valve V3 with the output of this 
pressure monitor gage 57. 

[0034] The metal gas which occurred is introduced into the plasma chamber 12 through tubing P5 in the 
condition of having been spread in the carrier gas from tubing P4. In this way, at the time of membrane 
formation Although perform fixed evaporation, the bulb VI (refer to drawing 1 ) between the metal gas 
delivery tube P5 and the plasma chamber 12 which is a processing room is closed, the bulb V2 of a vent line 
connected to the carburetor 50 is opened and the outlet of metal gas is changed Under the present 
circumstances, the pressure condition in a carburetor can be kept constant with the above-mentioned 
pressure control valve V3. 
[0035] 
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[Effect of the Invention] Since pulse width, the flow controller which can control both frequencies, and the 
carburetor for the liquid metal by which minute granulation was carried out by this controller are combined 
according to the liquid metal evaporation unit or the evaporation approach of this invention, precise control 
of the metal liquid flow rate in a very small flow rate can be attained, and the temperature change at the time 
of the evaporation, gas pressure fluctuation, etc. can be stabilized. Moreover, the flow controller itself can 
be managed with amelioration of a well-known thing, and it can offer a cheaper evaporation unit. 
Furthermore, control of the pressure fluctuation in a carburetor container is enabled positively, and also the 
effectiveness according to rank of being able to generate the optimal evaporation condition according to the 
class of metal fluid is done so. 
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